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ELECTROCHEMICAL SENSOR ELEMENT 
Field Of The Invention 

The present invention relates to an electrochemical sensor element for determining 
the concentration of a gas component in a gas mixture, particularly for determining 
the oxygen concentration in exhaust gases of internal combustion engines. 

Background Information 

An electrochemical sensor element of this type is described in, for example, German 
Patent No. 199 41 051 . These types of sensor elements are used in gas 
measurement detectors known to those skilled in the art as broadband-lambda 
probes and are used for regulating the air/fuel ratio of combustion mixtures in motor 
vehicle engines. In these sensor elements, a concentration cell is combined with an 
electrochemical pump cell. The concentration cell has a measuring electrode located 
in a measuring gas chamber and a reference electrode located in a reference gas 
chamber and measures the oxygen partial pressure of the exhaust gas, which 
reaches the measuring gas chamber via a diffusion barrier, relative to the oxygen 
partial pressure of a reference gas in the reference gas chamber. The measuring 
gas chamber and the reference gas chamber are located in the same layer level of 
the sensor element. 

The pump cell has a first pump electrode located in the measuring gas chamber and 
a second pump electrode located on a surface of the sensor element facing the 
exhaust gas and pumps oxygen ions from the exhaust gas into the measuring gas 
chamber or, conversely, from the measuring gas chamber into the exhaust gas. 
Through an external circuit element, the pump flow flowing through the pump cell is 
adjusted in such a way that a preset oxygen partial pressure is set in the measuring 
gas chamber. The oxygen partial pressure of the exhaust gas can be determined 
from the pump flow necessary for this purpose. 



2 

It is disadvantageous in the known sensor element that an undesired exchange of 
oxygen ions can occur between the electrodes of the pump cell and the electrodes 
of the concentration cell, which interferes with the intended function of the sensor. 
Thus, the oxygen partial pressure of the reference gas may be changed by the 
5 exchange of oxygen between the second pump electrode and the reference 

electrode. Since the concentration cell measures the ratio of the oxygen partial 
pressure in the measuring gas chamber and the oxygen partial pressure in the 
reference gas chamber, an incorrect oxygen partial pressure is set in the measuring 
gas chamber and therefore an incorrect value is determined for the oxygen partial 
1 0i^ pressure of the exhaust gas. 
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M Summary Of The Invention 
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S\ The electrochemical sensor element according to the present invention has the 

C\ advantage relative to the related art that the exchange of ions of the gas component 

1 5* between the electrodes of the pump cell and the electrodes of the concentration cell 
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O is prevented by a barrier layer. 
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* a f The barrier layer located between the reference electrode and the second pump 
electrode prevents the concentration of the gas component in the reference gas 
20 from being corrupted by the exchange of oxygen ions between the reference 

electrode and the pump electrode. The barrier layer is designed in such a way that 
the function of the concentration cell and the pump cell is not impaired. For this 
purpose, a cutout is provided in the region of the electrodes of the concentration cell 
and/or of the pump cell. 
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Brief Description Of The Drawings 

Fig. 1 shows a longitudinal section through an exemplary embodiment of a sensor 
element according to the present invention. 

30 Fig. 2 shows a cross section of the exemplary embodiment along the sectional line 
ll-ll in Fig. 1. 


Detailed Description 

Fig. 1 and Fig. 2 show a sensor element 10 of a broadband-lambda probe as an 
exemplary embodiment of the present invention, which is designed as a layered 
system and in which a reference gas chamber 15 and a measuring gas chamber 13 
5 are located in the same layer level of sensor element 10. Sensor element 10 has a 
first, second, third, and fourth solid electrolyte layer 51 , 52, 53, 54. A gas access 
hole 25 is introduced in first solid electrolyte layer 51 and second solid electrolyte 
layer 52. Second solid electrolyte layer 52 includes reference gas chamber 15 and 
measuring gas chamber 13, as well as a diffusion barrier 27 located between gas 
10ju access hole 25 and measuring gas chamber 13. Measuring gas chamber 13 and 
reference gas chamber 15 are separated gas-tight by a partition wall 12, which 
forms a section of second solid electrolyte layer 52. The gas mixture can reach 

\j measuring gas chamber 13 via gas access hole 25 and diffusion barrier 27. 
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C\ Reference gas chamber 15 is connected to the surrounding air and is made of a 
1 5:f porous material. A heater 40, embedded in a heater insulation 41 , is provided 
between third solid electrolyte layer 53 and fourth solid electrolyte layer 54. 
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J sl A first, ring-shaped pump electrode 20 having a supply lead 19 is located on first 
solid electrolyte layer 51 in measuring gas chamber 13. First pump electrode 20, 

20 together with a second pump electrode 23, also ring-shaped, which is also located 
on first solid electrode layer 51 on the side opposite first pump electrode 20, forms a 
pump cell. Second pump electrode 23 is covered by a porous layer 26. A ring- 
shaped measuring electrode 21 in measuring gas chamber 13 and a reference 
electrode 22 in reference gas chamber 15 are located on third solid electrolyte layer 

25 53. A further reference electrode 22a having a supply lead 28 is provided on first 

solid electrolyte layer 51 in reference gas chamber 15 opposite reference electrode 
22. Measuring electrode 21 and reference electrodes 22, 22a form a concentration 
cell. 

30 A ^a^r^yer 24 is provided in the layer level between first and second solid 

electn^lhayer 51 , 52 in the region of further reference electrode 22a and in the 


region between further reference electrode 22a and first pump electrode 20. Barrier 
layer 24 extends up to the edge of sensor element 10 and is made of, for example, 
Al 2 0 3 . The material of barrier layer 24 is selected in this case in such a way that it, at 
least to a large extent, allows neither ionic conduction nor electron conduction. 

In a further embodiment of the present invention, not shown, barrier layer 24 also 
extends into the region between supply lead 28 of further reference electrode 22a 
and first solid electrolyte layer 51 . It is also conceivable that the barrier layer covers 
the entire large area of sensor element 10 in the layer level between first and 
second solid electrolyte layer 51 , 52, with a cutout being provided in the region of 
first pump electrode 20. 

A further embodiment of the present invention, not shown, is conceivable in which 
further reference electrode 22a is dispensed with. In this case, barrier layer 24 can 
also be located in the layer level between second and third solid electrolyte layer 52, 
53, particularly between partition wall 12 and third solid electrolyte layer 53. 


